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SAFETY DEVICE FOR ELECTRICAL STORAGE CELL BATTERY AND BATTERY 

EQUIPPED WITH THE DEVICE 
BACKGROUND OF THE INVENTION 
Field of the invention 

The invention relates to o safety device for electrical storage cell batteries 
which is more particularly intended to maintain the reliability of the battery in the 
event of failure of one of the cells, especially in the case of a high-capacity battery 
made up of series-connected groups of parallel-connected cells. 
Description of the prior art 

The conditions under which electrical storage cell batteries are used often 
require the current and/or the voltage supplied by a battery to a load to be 
maintained by the battery even if one of its cells becomes unusable, and without the 
battery being open-circuit at any time. This is the case in particular if it is not possible 
to repair the battery. It can be achieved in particular when the battery is designed to 
that end and consists of series-connected groups of parallel-connected cells, for 
example, as indicated above. 

The failed cell has then to be taken out of circuit and this can be achieved in 
particular by isolating the failed cell from the series connection without at any time 
rendering the battery open-circuit. This can be achieved by a total shunt applied by 
means of a conductive device connected in parallel with the failed cell, or where 
applicable the failed group of cells, to shunt virtually all of the current flowing 
through the failed cell or failed group of cells. 

Shunt devices constructed to this end from diodes or functionally equivalent 
electronic devices and which shunt the current of a failed cell or a failed group of 
cells when it leaves a specified range of operating voltage areJ<nownJi^^ They 
have the drawback of dissipating a great deal of heat, in particular if they are 
associated with lithium-ion cells, for which the operating voltage range is from 2.5 V 
to 4.2 V, and in the case of high-capacity cells using other technologies, especially 
nickel-hydrogen and nickel-cadmium cells, if the discharge currents are high, for 
example greater than 80 A. 

"Non-dissipative" devices used for nickel-hydrogen batteries in particular are 
also known in the art. They generally have the drawback of applying an external 
short circuit to the failed cell when they are activated, which is not acceptable in the 
case of failure of a charged cell. Such failures can be encountered with lithium-ion 
cells in particular. This is known in the art. To alleviate this drawback, some batteries 



are equipped with make-before-break devices which first close a circuit in parallel 
with a failed cell in order to shunt the current flowing in it before breaking the series- 
connected circuit. These devices isolate the failed cell from the other cells connected 
in series with it. in the battery in a sufficiently short time, routinely of the order of a few 
milliseconds, for the external short circuit caused in this way not to cause any 
damage. These devices are complex, however, as they are similar to pyrotechnic 
devices, and they have fhe major drawback of including an additional fuse or circuit- 
breaker component in the series-connected cells or groups of celts of the battery. The 
component in question therefore reduces the reliability of the system that the battery 
constitutes. 

There is therefore a requirement for a shunt safety device which does not 
dissipate heat and is suitable for batteries consisting of high-voltage cells, in 
particular lithium-ion cells, and/or for batteries with a high output current. A shunt 
safety device is required that can operate with a charged cell without risk of applying 
an external short circuit to the cell. Furthermore, the device must not include any 
additional circuit-breaker component that could reduce fhe reliability of the series- 
connected circuit of the battery. 

The invention therefore proposes a safety device aimed at remedying the 
above drawbacks, for different electrical storage cell battery configurations, in 
particular for batteries including a plurality of individual cells connected in series and 
for batteries consisting of series-connected groups of parallel-connected cells. 
SUMAAARY OF THE INVENTION 

The invention provides a safety device for a battery of electrical storage cells 
composed of modules connected in series each including a storage cell or a group of 
storage cells and in particular a group of storage cells connected in parallel, the 
device including at least one individual circuit for individually short circuiting a 
module if it should fail and maintaining permanently the electrical continuity between 
the other modules connected in series with it in the battery, wherein the individual 
circuit includes a first shunt circuit that is connected to the two end terminals of a 
module in the battery and includes an electrical energy consuming member in series 
with a switching member for applying a shunt to the terminals of the module via the 
consuming member if the voltage at the terminals of the module is greater than a 
particular upper voltage threshold value, the circuit directly short circuiting the 
terminals of the module if the voltage at the terminals of the module falls below a 
particular lower voltage threshold value. 
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In one embodiment of the device according to the invention, said circuit 
short circuits internolly the module to whose terminals it is connected via a first shunt 
circuit by extending the discharging of said module via said first shunt circuit so that 
immediately discharging of the battery recommences the battery is discharged until a 
5 reversal of polarity occurs which corresponds to a negative threshold of the voltage at 
the terminals of the module and causing it to be short circuited. 

In another embodiment of the device according to the invention a module 
circuit includes a second shunt circuit connected to the two end terminals of the 
module in the battery in parallel with the first shunt circuit associated with the module 
10 and includes a switching member for short circuiting the terminals of the module 

directly if the voltage at the terminals of the module is below a particular lower 
voltage threshold value. 

Q The invention also provides electrical storage cell batteries made up of 

r; series-connected modules each including one cell or a group of cells and in particular 

bj 1 5 a group of cells connected in parallel which use a safety device having the above 
features. 

The invention, its features and its advantages are explained in the following 
description with reference to the accompanying drawings. 
L BRIEF DESCRIPTION OE THE DRAWINGS 

Hj 20 Figure 1 is a circuit diagram of one of the individual circuits of a safety 

^ device according to the invention, one of which individual circuits is provided for each 

O module of a battery consisting of a plurality of modules connected in series and each 

consisting of an electrical storage cell or a group of electrical storage cells. 

Figure 2 is a circuit diagram of an individual circuit of a safety device 
25 according to the invention when the device is controlled by an external programmed 
control unit. 

Figure 3 is a circuit diagram of an individual circuit of a safety device 
according to the invention in a circuit when the device is controlled internally. 

Figure 4 is a circuit diagram of an individual circuit of a safety device 
30 according to the invention when the device is controlled by a hybrid control system. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The individual safety device circuit shown diagrammatically in figure 1 is 
intended to be associated with a module of an electric storage cell battery. An electric 
storage cell battery is -often composed of modules, which are usually identical, 
35 connected in series and represented by three modules 1, V and 1" in figure 1. As 
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already indicated, each module con consist of an electrical storage cell or a group of 
electrical storage cells, for example a group of "p" identical storage cells connected in 
parallel. 

Each module is equipped with an individual safety device circuit, as shown 
5 diagrammatically in figure 1 for the module V. The circuit includes two shunt circuits 

which are connected in parallel to the two end terminals of a module of the battery, 
i.e. to the terminals 2' and 2" in the case of the module 1'. 

A first of the two shunt circuits includes an electrical energy consuming 
member, such as an energy dissipating resistor 3, for example, in series with a 
10 switching member 4, for example a bistable switching member. The first circuit is 
designed to be turned on by the switching member 4 to short circuit the terminals 2' 
and 2" of the module 1' via the consuming member 3, under all conditions and more 
particularly if the storage cell or cells of the module 1 are charged and possibly fully 
charged. The consuming member 3 is therefore chosen to suit the capacity of the 
y 15 module, to enable the module to be discharged slowly, with a level of heat 
7I dissipation compatible with the battery environment and typically corresponding to a 

S current equivalent to one tenth or one hundredth of the capacity of the module V. 

^' Thus in the event of failure of the module 1' the storage cell or group of storage cells 

of that module is discharged relative to the other storage cells of the series-connected 
U 20 combination constituting the battery, as if its leakage current were increased by the 
^ current flowing through the consuming member 3. The switching member 4 is turned 

3 on, directly or indirectly, by a trigger device 5, for example on detecting that the 

— voltage at the terminals of the module 1' has crossed an upper voltage threshold 

value VI. As specified below, the switching member and the trigger device can be 
25 combined so that the first shunt circuit operates autonomously. They can also be 
separate and the switching member can be controlled by an external programmed 
control unit. 

The second of the two shunt circuits of the safety device according to the 
invention includes a switching member 6, for example a one-shot switching member 

30 whose change of state is irreversible, for directly short circuiting the terminals 2' and 
2" of the module 1' when it is switched to a conducting state from a state in which it is 
not conducting. The conducting state of the switching member 6 is triggered by a 
trigger device 7, for example on detecting that the voltage at the terminals of the 
module 1' has crossed a lower voltage threshold value V2, to create a short circuit 

35 between those terriiindls that is intended to be permanent. It is of course feasible to 
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combine the trigger devices 5 and 7. 

The invention activates the first and second shunt circuits successively to 
reduce the voltage at the terminals of the module 1' progressively. It activates the first 
shunt circuit during a first phase if the voltage at the terminals has exceeded the 
particular upper threshold value VI, above which the module 1' must be considered 
to have failed. It then activates the second shunt circuit during a second phase if the 
first circuit has caused the voltage at the terminals of the module 1' to fall below the 
value V2 to provide a direct and permanent short circuit between the terminals. The 
lower voltage threshold value V2 is determined in a conventional manner to authorize 
safe short circuiting, and is of the order of 2.5 V in the case of a lithium-ion storage 
cell, for example. 

In accordance with the invention, a failed module is instead short circuited 
internally by continuing to discharge the module via the first shunt circuit associated 
with it until electrical continuity between terminals of a module from the time the 
voltage at the terminals of the module has exceeded the upper voltage threshold 
value VI . Discharging is then continued via the first shunt circuit until a reversal of the 
polarity which corresponds to a negative threshold of the voltage at the terminals of 
the module occurs immediately discharging of the battery recommences. The module 
then has a very low internal resistance, which short circuits it permanently. 

In one embodiment the switching member 4 can be a relay. The relay is 
calibrated to withstand the current that the module 1' can supply via the resistor 3 in 
the event of a serious failure for which the voltage at the terminals of the module 
exceeds the upper threshold value VI . The resistor 3 is also calibrated, of course, for 
the same reason. In the embodiment shown diagrammatically in figure 2, the relay 
that constitutes the switching member 4 is controlled by a programmed control unit 8 
external to the safety device, as symbolized by the link LI. The programmed control 
unit 8 is a logic unit, for example, based on a processor and memories with at least 
one interface through which it receives a voltage value V measured at the terminals of 
the module 1'. In accordance with a particular program it successively commands the 
switching member 4 of the first shunt circuit and the switching member 6 of the 
second shunt circuit. 

A control unit of the above kind, programmed accordingly, can use different 
switching member control programs. In particular, if the voltage V falls below VI for 
a long time, it is possible to control the switching member 4 differently, to bring it to 
an interruption condition from a condition in which it is conducting and for which a 
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current flows through the resistor 3, because of the presence at the terminals of the 
module 1 ' of a voltage V greater than VI . 

In the embodiment shown in figures 3 and 4, at least one of the switching 
members, now referenced 4', 6', of the safety device is a heat-sensitive member which 
5 changes from a non-conducting state to a conducting state when it is heated. In one 

embodiment the heat-sensitive members change irreversibly to a conducting state 
from a non-conducting state when they are heated to a temperature above a 
particular minimum threshold temperature. 

Figure 3 presupposes that the two switching members 4' and 6' each consist 
10 of a heat-sensitive member and that they are associated with heating element type 

trigger devices 5' and 1\ 

The trigger device 5', which is connected to the terminals of the module 1', 
B consists of a plurality of diodes connected in series and arranged to heat the heat- 

sensitive member which constitutes the switching member 4'. This trigger device 
yj 15 operates if the voltage V between the terminal 2" and the terminal 2' is greater than 

the upper threshold value VI . The series-connected combination of the diodes, 
possibly associated with a series-connected resistor, not shown, causes sufficient 
heating to change the state of the switching member 4' under these conditions. The 
person skilled in the art knows how to achieve this. 
rU 20 The trigger device 7', which is also connected to the terminals of the module 

^ r, consists in this example of a single diode connected in the reverse direction 

Q compared to the series-connected diodes of the trigger device 5', i.e. with its cathode 

connected to the terminal 2' and its anode connected to the terminal 2". The single 
diode heats the heat-sensitive member which constitutes the switching member 6' to 
25 cause it to change state if the voltage V between the terminals 2" and 2' falls below 
the lower threshold value V2. The resulting safety device can therefore operate 
entirely autonomously. 

In figure 4 the safety device includes a first shunt circuit switching member 4 
which is controlled by a control unit 8 external to the safety device, as in the 
30 embodiment shown in figure 2, and again as symbolized by a link LI . However, the 
second shunt circuit is equipped with a heat-sensitive switching member 6' controlled 
by a heating trigger device 7' consisting of a diode in a circuit corresponding to that 
envisaged for the second shunt circuit described with reference to figure 3. In this 
case, if the voltage V drops below VI for a long time, it is therefore possible to 
35 change the switching member 4 to an interruption condition from a condition in 
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which it is conducting and for which a current flows through the resistor 3, because of 
the presence at the terminals of the module V of a voltage V greater than VI . On the 
other hand, if the voltage V drops below the lower threshold value V2, the module is 
short circuited permanently. 
5 Whichever solution is chosen, it is preferable to equip each of the series- 

connected modules of one or more electrical storage cells of a battery with .a safety 
device enabling it to be short circuited individually in the event of failure, as 
envisaged hereinabove. 
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